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KEY MESSAGES
• Growth of aquatic food supplies to meet demand will come mainly from 
aquaculture for the foreseeable future; it is therefore essential that we understand 
the effects of climate change on the sector from the broad to the finest spatial 
scales.
• Countries considering aquaculture in their Nationally Determined Contributions 
are mostly located in the developing countries, especially in Africa.
• Direct and indirect climate change drivers may result in favourable, unfavourable 
or neutral changes in aquaculture, in the short- or long-term and at different 
spatial scales. Unfavourable changes are likely to predominate in the developing 
countries, adversely affecting investment and sector growth.
• Several adaptation measures are already available to mitigate impacts of negative 
changes or increase resilience. They must be considered in accordance with multi-
sector National Adaptation Strategies.
• Knowledge gaps in science, institutional and socio-economic change and policies 
hamper more effective adaptation of aquaculture, especially in the developing 
countries.
20.1 INTRODUCTION 
Although capture fisheries continue to play a major role in the livelihood, food security 
and nutrition of millions around the world (FAO, 2016c), most global aquatic products 
now come from aquaculture (Chapter 3). By supplying an increasing amount of fish, 
crustaceans and molluscs, the sector not only contributes to meet growing demand 
for the foreseeable future, but also helps dampen price rises (Béné et al., 2016). It is 
thus paramount that we understand the likely interactions between climate change 
and aquaculture – for both mitigation (Chapter 27) and adaptation – and help to build 
resilience and adaptation, especially among the many small-scale practitioners who still 
account for most of the production by the sector. 
Despite its long history (Beveridge and Little, 2002), for the most part aquaculture 
must be considered a modern industry – indeed, in 1950 aquaculture accounted for only 
3 percent of global aquatic products supplies (Fishstat, FAO1). The difficulties of farming 
1 http://www.fao.org/fishery/statistics/en
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aquatic environments, exposed as they are to the vagaries of waves, storms and flooding, 
are argued to have been a major disincentive to the wide-scale uptake of aquaculture, at 
least until recently when modern materials and designs became available. 
The first mention of research on climate change and aquaculture in the scientific 
literature was at the end of the 1980s2 but it took more than 15 years after that for 
researchers to invest significant effort on the topic (Figure 20.1). The uncertainties 
related to climate change – aquaculture interactions are likely one of the reasons why 
it was not prioritized earlier. To date, the climate-related issues considered in research 
have included global and marine/fishery models, impacts on fish and shellfish biology, 
disease, habitat changes (temperature, acidity and salinity) as well as livelihoods, 
resilience and sustainability assessment.
FIGURE 20.1
Numbers of published scientific papers per year dealing with aquaculture and climate  
change in Scopus and FAO databases, as a proxy of interest in the issue
The terms aquaculture and climate change were searched for in the title and/or abstract. The Scopus database includes peer-reviewed 
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The Intergovernmental Panel on Climate Change also highlighted a number of 
potential impacts of climate change on aquaculture as early as 1990 (Tegart, Sheldon 
and Griffiths, 1990), but it was only in 1995 that for the first time the sector merited a 
dedicated chapter (Watson, Zinyowera and Moss, 1995). After the Fourth Assessment 
Report, released in 2007, the issue became truly mainstreamed in global discussions 
(Parry et al., 2007).
During the twenty-seventh session of its Committee on Fisheries in March 2007, 
FAO was requested to undertake a scoping study to identify the key issues, to initiate 
a discussion on adaptation, and to take a lead in informing stakeholders and policy-
makers. As a result, in 2008, the FAO Fisheries and Aquaculture Department held an 
Expert Workshop to provide the FAO Conference with a comprehensive overview 
of the fisheries and aquaculture climate change issues. This resulted in the publication 
of the FAO Fisheries Report No. 870 (FAO, 2008), followed by the release of an 
overview of the scientific knowledge (Cochrane et al., 2009).
2 The oldest paper in the Scopus database is Sherwood, J.E. 1988. The likely impact of climate change on 
south-west Victorian estuaries. In G.I. Pearman, ed. Greenhouse: planning for climate change. CSIRO, 
Melbourne, Australia. pp. 456–472.
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20.2 IMPACTS OF CLIMATE CHANGE DRIVERS ON AQUACULTURE
Direct and indirect climate change drivers can be responsible for changes in aquaculture, 
whether in the short- or long-term. Examples of short-term impacts include loss of 
production or infrastructure due to extreme events, diseases, toxic algae and parasites; 
and decreased productivity due to suboptimal farming conditions. Long-term examples 
include scarcity of wild seed, limited access to freshwater for farming, limited access 
to feeds from marine and terrestrial sources, decreased productivity due to suboptimal 
farming conditions, eutrophication and other perturbations. These are well described 
by De Silva and Soto (2009), Santos et al. (2016) and FAO (2017a). Tables 20.1 and 20.2 
list some of the likely impacts at different scales, from modification of the metabolism 
of aquatic organisms to those operating at global scales. Note that there may also 
be location-specific positive effects, potential complex interactions between drivers 
(e.g. mutual cancellation or amplification), or new drivers emerging from adaptive 
strategies, which are not considered here.
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20.3 OVERVIEW OF SOME CLIMATE CHANGE ADAPTATION POLICIES: 
 NAPAS, NAPS, NDCS 
Established in 2001 by the Conference of the Parties to the United Nations Framework 
Convention on Climate Change (UNFCCC), the National Adaptation Programmes 
of Action (NAPAs)5 are intended for least developed countries (LDCs) to coordinate 
and communicate priority actions that allow access to adaptation funding mechanisms 
(Vadacchino, De Young and Brown, 2011). By June 2017, 51 NAPAs had been 
received by the Secretariat, of which 21 include actions in relation to aquaculture. Six 
countries have also prioritized projects directly addressing aquaculture. These focus on 
developing small-scale farming (Cambodia, Myanmar), rehabilitating aquaculture sites 
(Mali), increasing fish production and preservation of fish (the Gambia), adaptation 
to new climate-induced environments, including increased salinity (Bangladesh), and 
spatial planning of land use practices (Zambia).
Ten years after the launch of the NAPAs, the National Adaptation Plans (NAPs) from 
developing countries6 were established by the Parties to the UNFCCC (FAO, 2017d). 
Unlike NAPAs, NAPs are not explicitly linked to a funding source; moreover, all 
developing countries, not only LDCs, are encouraged to develop NAPs. Of the seven 
NAPs from developing countries available on the UNFCC website in June 2017, six 
include measures relating to aquaculture. Priority areas include the vulnerability of 
aquaculture (Brazil, Cameroon), implementation of best practices (Burkina Faso), 
upscaling of aquaculture (Kenya), adaptation to salinity and wastewater reuse (Sri 
Lanka) and building resilience (Sudan).
The Paris Agreement entered into force on 4 November 2016 (FAO, 2016a). It 
stipulates that each party shall prepare, communicate and maintain successive Nationally 
Determined Contributions (NDCs) to the global response to climate change7 that it 
intends to achieve. In June 2017, of the 197 Parties to the Convention, 142 had already 
submitted their first NDCs, and 19 make reference to aquaculture or fish farming, of 
which nine focus on adapting aquaculture to climate change (Cambodia, Cameroon, 
Chile, Madagascar, Mexico, Nigeria, Peru, Sri Lanka, Viet Nam) while a further ten 
propose agro-ecological or conventional aquaculture development as an adaptation 
and/or mitigation measure (Belize, Central African Republic, Chad, Congo, Côte 
d’Ivoire, Equatorial Guinea, Gambia, Mauritania, Morocco, Zambia).
20.4 KNOWLEDGE AND POLICY GAPS AND THEIR IMPLICATIONS
The impacts of a warmer, less predictable and more extreme climate are not evenly 
distributed across the globe. Some regions will experience potentially detrimental 
changes, such as increased drought or flooding, while others may find that conditions 
for aquaculture improve (De Silva and Soto, 2009; FAO, 2017a, 2017c; Chapters 1 
and 21). Increased scientific knowledge may contribute to a reduction in uncertainties 
and improve the adaptive capacity of poor and small-scale aquaculture producers 
and value chain actors. In order for aquaculture to adapt to climate change, relevant 
research is required and regions and countries need to work on common issues.
Research gaps include: 
• knowledge of synergistic interactions between stressors (e.g. acidification and 
increased water temperature); 
• understanding of bioclimatic envelopes of species tolerance to extreme weather 
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• realistic scenarios for aquafeed resulting from the increasing diversion of crop-
based feedstuffs for the production of biofuels and/or to other animal husbandry 
sectors (Troell et al., 2014, 2017a; Troell, Jonell and Henriksson, 2017b); 
• better feeds and feeding practices; further reduction in use of fishmeal and fish 
oil; disease susceptibility, new diseases and preventive treatments; evidence of the 
impacts of climate change on the post-production food chain; 
• understanding of the relationship between species and habitat based on optimal 
thermal limits and salinity levels; the impacts of climate change on public health 
risks for consumers of farmed fish (e.g. HABs); 
• the consequences of combined climate change impacts on resources, physical 
assets, livelihoods and health; and 
• understanding of how climate change impacts on food systems in general and 
economics may lead to changes in demand and in market prices.
Research to enhance the adaptation to climate change of farming households, farming 
communities and industry includes: analyses of the social and economic consequences 
of climate change; reporting on adaptation strategies at all levels of the value chain; and 
developing and strengthening integrated monitoring systems to provide information 
on environmental variables and diseases that fish farmers can use to make decisions.
Information gaps and capacity building requirements must be identified and 
addressed through networks of research, training and academic institutions. Research 
to inform policy includes: 
• the recommendations of physical assets, social and institutional options to 
enhance the sustainability of livelihoods and the resilience of poor people to 
multiple climate change impacts; 
• improved assessment of the interactive effects of different climate variables (for 
example, the identification and improved understanding of pathways between 
climate effects and aquaculture impacts at various scales i.e. including effects on 
other food systems and human development) so as to better inform strategies that 
aim to mitigate adverse impacts and encourage adaptation to change; and 
• improved understanding of the gender dimensions of adopting climate-smart 
smallholder aquaculture innovations (Morgan et al., 2015). 
Regional adaptation plans are also needed for transboundary water bodies (e.g. 
Mediterranean Sea and Mekong, Lake Victoria and Amazon basins).
Potential adaptation measures could be built on a sustainable livelihoods framework 
and the ecosystems approach to aquaculture, supported by risk assessment and 
management along the value chain, and guided by a feasibility assessment.
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